Two aerobic, rod-shaped, non-motile, non-sporulating and Gram-staining-negative bacterial strains, namely T and Za3-11, were isolated from the surface seawater of the South China Sea and the estuary of the Yangtze River, respectively. The two isolates grew at 14-44 8C (optimum 37-40 8C) and pH 6.0-8.5 (optimum pH 7.0-7.5). The sea salt ranges for growth were 0.5-10 % (w/v) (optimum 1-2.5 %) for strain NH6-24 T and 0-12 % (w/v) (optimum 0.5-4.5 %) for strain Za3-11. Both strains could grow in the absence of NaCl.
The family Solimonadaceae, belonging to the class Gammaproteobacteria, order Xanthomonadales, was proposed by Losey et al. (2013) on the basis of two phylogenetically related genera, Solimonas (Kim et al., 2007; Sheu et al., 2011) and Fontimonas (Losey et al., 2013) . Although the nomenclature of this family has been debated recently (Tindall, 2014; Whitman et al., 2015) , the taxonomic status of this lineage is unanimous. As described by Losey et al. (2013) , strains belonging to this lineage are and, additionally, as the predominant respiratory quinone and C 16 : 0 , iso-C 16 : 0 and C 18 : 1 v7c as the major fatty acids. At the time of writing, six species with validly published names in the family Solimonadaceae are represented by strains isolated from soil (Kim et al., 2007 (Kim et al., , 2014 Zhou et al., 2008) , fresh water (Sheu et al., 2011; Losey et al., 2013) or an oil mill (Friedrich & Lipski, 2008) . However, no marine strains have been reported yet.
During research on bacterial diversity in the offshore surface seawater of China, two closely related strains representing the family Solimonadaceae were isolated from the South China Sea and the estuary of the Yangtze River, respectively. In this study, the polyphasic taxonomic identification of these two strains is described in detail.
Surface seawater was sampled from the NH6 sampling station (188 For enrichment and isolation, each water sample was passed through a 0.22 mm filter and autoclaved with 1.5 % (w/v) agar. Before being poured into plates, media were supplemented with different volumes of concentrated nutrient and vitamin solutions. Thus, a series of agar plates with a nutrient concentration gradient was prepared. Here, the concentrated nutrient solution contained (l
21
) 5 g peptone (BD), 5 g casein hydrolysate (BD), 1 g yeast extract (BD), 0.04 g NH 4 NO 3 and 0.036 g Na 2 HPO 4 ? 12H 2 O. The vitamin mixture was prepared as described by Balch et al. (1979) . Cells on the 0.22 mm membrane were eluted, diluted with sterile seawater and spread onto the prepared plates. All plates were incubated at 28 8C for 1 month. Colonies were picked out, purified by streaking and preserved by freeze-drying. Unless otherwise mentioned, the new isolates designated NH6-24 T and Za3-11 were cultured at 40 8C and 37 8C, respectively, in modified marine 2216 medium (Liu et al., 2013) , while all type strains used for reference were incubated at their optimal temperatures in the same medium except that the basal mineral salts were eightfold diluted.
Morphological characteristics and motility of cells in the exponential phase of growth were observed by transmission electron microscopy (JEM-1230, JEOL) and optical microscopy (BX40, Olympus). Using the modified marine 2216 medium, temperature range for growth was tested at 2 8C intervals, and pH range for growth was determined at 0.5 pH intervals by supplementing 30 mM buffering agents, including MES (pH 5.5-6.5), MOPS (pH 6.5-8.0), Tricine (pH 8.0-9.0) and CAPSO (pH 9.0-10.5). Salinity range for growth was examined at 0.5 % (w/v) intervals of sea salt (Sigma) and NaCl. Upper and lower limits for growth were confirmed when no growth was observed after the inoculated cultures were incubated for 7 days. Anaerobic growth was detected using the Hungate tube method (Losey et al., 2013) and an anaerobic jar (Sheu et al., 2011) .
Hydrolysis tests were performed using modified marine 2216 medium except that the concentration of trypticase peptone (BD) was decreased to 1 g l 21 and different substrates were supplemented, including alginate, casein, gelatin, skimmed milk and starch (all at 5 g l 21 ); CM-cellulose, DNA, pectin and xylan (all at 2 g l 21 ); 0.1 g aesculin l 21 ; and 0.3 % (v/v) Tweens 20, 40, 60 and 80. Detailed testing methods were the same as those described by Liu et al. (2013) . Catalase activity was assayed with 3 % (v/v) H 2 O 2 . A GN2 MicroPlate (Biolog) was used to measure the substrate assimilation according to the manufacturer's instructions. As a modification, the GN/GP-IF medium was supplemented with YE at a final concentration of 0.2 g l
. Besides, it was also supplemented with different volumes of concentrated saline solution to make a sixfold dilution for the new isolates and an eightfold dilution for the reference strains. The concentrated saline solution contained (l 21 ) 19.45 g NaCl, 12.6 g MgCl 2 ? 6H 2 O, 6.64 g MgSO 4 ? 7H 2 O, 1.8 g CaCl 2 and 0.55 g KCl. Other zymological and biochemical characteristics were determined using API ZYM and 20NE test systems (bioMérieux). The manufacturer's instructions were also slightly modified. For the new isolates, 1.5 % (w/v) NaCl solution was used to suspend cells, and 1 ml of 10 % (w/v) sea salt solution was supplemented to the AUX medium. For the reference strains, 0.85 % (w/v) NaCl solution and 3 % (w/v) sea salt solution were used. Sensitivity to antibiotics was examined with a two-layer plate method as previously performed (Zhang et al., 2010) .
Cells used in the chemotaxonomic analysis were incubated on modified marine 2216 agar for 70 h. Polar lipids were extracted as described by Kates (1986) and separated by two-dimensional TLC on silica gel 60 F254 plates (Merck) as performed by Tindall (1990) . Different spray reagents were used to visualize corresponding lipids, including molybdophosphoric acid for total lipids, a-naphthol/sulphuric acid for glycolipids, molybdenum blue for phospholipids and ninhydrin for aminolipids. Isoprenoid quinones were extracted and purified according to the description of Komagata & Suzuki (1987) and identified by LC-MS (Agilent). To determine the fatty acid profile, fatty acid methyl esters were obtained and analysed as previously described (Zhang et al., 2010) .
A quick bacteria genomic DNA extraction kit (DongSheng Biotech) was used to prepare DNA. Amplification and sequencing of the 16S rRNA gene, as well as sequence alignment and phylogenetic analysis were all performed as previously described (Zhang et al., 2013) except that the MEGA6 package (Tamura et al., 2013) was used to reconstruct the neighbour-joining (NJ) and maximum-likelihood (ML) trees. The DNA G+C content was determined by reversedphase HPLC (Mesbah et al., 1989) with the genomic DNA of Escherichia coli K-12 and the DNA of salmon sperm (Sigma) as calibration standards. Randomly amplified polymorphic DNA (RAPD) fingerprinting analysis was performed as described by Ziemke et al. (1997) .
The new isolates NH6-24 T and Za3-11 were aerobic, rodshaped and non-spore-forming (Fig. S1 , available in the online Supplementary Material). Motility and flagella were not observed. Optimal growth of strain NH6-24 T occurred at 40 8C, pH 7.0-7.5 and with 1-2.5 % (w/v) sea salt or 0.5 % NaCl, and that of strain Za3-11 was detected at 37 8C, pH 7.0-7.5 and with 0.5-4.5 % (w/v) sea salt or 0.5-1 % NaCl. Neither strains grew at temperatures higher than 44 8C or lower than 14-15 8C. NaCl was not necessary for the growth of these two strains in modified marine 2216 medium. Strain Za3-11 was resistant to 12 % (w/v) sea salt or 9 % NaCl, while strain NH6-24 T did not grow at sea salt concentrations higher than 10 % (w/v) or NaCl concentrations higher than 7 % (w/v). Lastly, cell flocculation was observed during the routine cultivation of these two strains in modified marine 2216 broth, and became more obvious when the culture temperature or pH was not optimal. Detailed results of all physiological and biochemical examinations are summarized in Table S1 .
Ubiquinone-8 (Q-8) was detected as the predominant quinone in strains NH6-24 T and Za3-11. C 18 : 1 v7c, iso-C 16 : 0 , C 16 : 0 , C 16 : 1 v5c, C 12 : 0 , C 12 : 0 3-OH and iso-C 12 : 0 were detected at levels greater than 5 % in both strains (Table S2 ). Both strains had diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE) as the dominant polar lipids and four unidentified glycolipids (GL1, GL2, GL3, GL5) as the minor ones (Fig. S2) . Another unidentified glycolipid (GL4), one unidentified aminophospholipid (APL), one unidentified aminolipid (AL), one unidentified phospholipid and one unknown lipid were detected in strain NH6-24 T but not in strain Za3-11. Moreover, phosphatidyldimethylethanolamine, which was detected by Sheu et al. (2011) and Solimonas flava DSM 18980 T was emended to be an uncharacterized aminolipid in this study, because it failed to stain for phosphate but stained positive for free amino groups (Fig. S2 ).
Although strains NH6-24 T and Za3-11 were isolated from samples collected from different areas of the sea, the 16S rRNA gene sequences of both strains were composed of 1493 nt with a similarity value of 99.9 % (1 nt difference). The results of RAPD analysis also revealed similar genomic fingerprints of these two strains (Fig. S3) . As a result of pairwise sequence alignments, strains NH6-24 T and Za3-11 showed closest affinity to the genera Fontimonas (96.0 % similarity) and Solimonas (94.1-95.1 % similarity). As displayed in both ML and NJ phylogenetic trees (Figs 1 and S4) , strains NH6-24 T and Za3-11 formed a single branch diverging between these genera. These results suggested that these two strains should be genotypically homologous and represent a novel lineage in the cluster of the family Solimonadaceae. The DNA G+C contents of strains NH6-24 T and Za3-11 were 65¡0.5 (SD) and 65¡0.2 (SD) mol%, respectively.
Strains NH6-24
T and Za3-11 showed higher 16S rRNA gene sequence similarities with members of the genus Fontimonas; however, these two strains clustered with the branch of the genus Solimonas in both ML and NJ trees (Figs 1 and S4) . In spite of the close relationship with these two genera, strains NH6-24 T and Za3-11 could be distinguished on the basis of chemotaxonomic characteristics. Specifically, the aminolipid profiles were differentiable between these two isolates and the strains representing the genus Solimonas, which contained more types of AL and APL (Fig. S2) . The fatty acid profile of Fontimonas thermophila DSM 23609 T was quite distinguishable from those of strains NH6-24 T and Za3-11. For instance, C 19 : 0 cyclo v8c was measured at a high level of 11.68 % in Fontimonas thermophila DSM 23609
T but was not detected in the two novel isolates (Table S2) .
T and Za3-11 also exhibited a number of phenotypic characteristics which are distinctive in the family Solimonadaceae (Table 1) . For example, the optimal growth temperature of these two isolates was 37-40 8C,
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Escherichia coli ATCC11775 T (X80725) lower than that of members of the thermophilic genus Fontimonas (45-50 8C) and higher than that of members of the mesophilic genus Solimonas (25-30 8C). To the best of our knowledge, strains NH6-24 T and Za3-11 are the first two marine isolates of the family Solimonadaceae and could tolerate 10-12 % (w/v) sea salt, a level higher than that of any other strain representing the family Solimonadaceae. As for the physiological and biochemical discrepancies, strains NH6-24 T and Za3-11 could assimilate phenylacetic acid and were resistant to gentamicin, nalidixic acid, streptomycin sulphate and tetracycline.
Although strains NH6-24 T and Za3-11 had nearly identical 16S rRNA gene sequences, their phenotypes were different. Strain Za3-11 was tolerant to a wider range of sea salt. However, strain NH6-24 T was slightly more thermophilic. When cultivated in modified marine 2216 medium and under optimal growth conditions, the generation time of strain NH6-24 T was about 6.3 h, longer than that of strain Za3-11 (about 4.9 h). Moreover, the polar lipid profile of strain NH6-24 T contained five additional unidentified components, including one glycolipid (GL4), one APL, one AL, one phospholipid and one unknown lipid, which were not detected in that of strain Za3-11 (Fig.  S2) . In terms of the physiological differences, strain Za3-11 could assimilate a number of substrates, such as acetic acid, L-alanine, L-leucine and L-serine, which were not used by strain NH6-24 T . Additionally, strain Za3-11 was different from strain T in the activity of C14 lipase and sensitivity to bacitracin (0.04 U) and penicillin G (10 IU). In summary, all the dissimilarities enumerated above might be attributed to the different habitats of strains NH6-24 T and Za3-11 and the intraspecific diversity of the novel species.
Based on the results of polyphasic taxonomic research, strains NH6-24 T and Za3-11 are considered to represent a novel species of a novel genus in the family Solimonadaceae, for which the name Sinimarinibacterium flocculans gen. nov., sp. nov. is proposed.
Description of Sinimarinibacterium gen. nov. (Si.ni.ma.ri.ni.bac.te9ri.um . N.L. fem. pl. n. Sinae China; L. adj. marinus of the sea, marine; L. neut. n. Kim et al. (2014) . dData are from this study and from Kim et al. (2014) .
Sinimarinibacterium
bacterium a small rod; N.L. neut. n. Sinimarinibacterium a rod-shaped bacterium from different sea areas of China).
Gram-staining-negative and non-spore-forming bacteria. Catalase-and oxidase-positive. Cells are rod-shaped, aerobic and chemoheterotrophic. The major polar lipids are DPG, PG and PE. The predominant fatty acids include C 18 : 1 v7c, iso-C 16 : 0 and C 16 : 0 . The main respiratory quinone is Q-8. A member of the family Solimonadaceae, order Xanthomonadales. The type species is Sinimarinibacterium flocculans.
Description of Sinimarinibacterium flocculans sp. nov.
Sinimarinibacterium flocculans (floc9cu.lans. N.L. part. adj. flocculans flocculating, referring to the organism's tendency to flocculate in the liquid medium).
The following properties supplement the genus description. Cells are non-motile and approximately 0.5-0.7|1.5-2.5 mm.
Colonies are semi-opaque to transparent, pale yellow, convex with waxy surface, circular with smooth edge and approximately 1.0 mm in size after incubation on modified marine 2216 agar for 5 days. Flocculation exists in modified marine 2216 broth. Growth occurs at 14-44 uC (optimum, 37-40 uC), pH 6.0-8.5 (optimum, pH 7-7.5), 0-9 % (w/v) NaCl (optimum, 0.5-1 %) and 0-12 % (w/v) sea salt (optimum, 0.5-4.5 %). Decomposes casein, gelatin, skimmed milk, and Tweens 20, 40, 60 and 80, but not aesculin, alginate, DNA, cellulose, pectin, starch or xylan. Assimilates glycerol, a-ketobutyric acid, propionic acid, a-ketovaleric acid, L-alaninamide, L-glutamic acid, L-alanyl-glycine, L-threonine, pyruvic acid methyl ester, Tween 40 and Tween 80 in the GN2 MicroPlate and adipic acid, gluconate and phenylacetic acid in the API 20NE kit. Ability to utilize acetic acid, L-alanine, L-leucine and L-serine is variable in different strains. Does not acidify glucose, produce indole or reduce nitrate to nitrite. Positive for acid phosphatase, alkaline phosphatase, C4 esterase, C8 esterase lipase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase and valine arylamidase. Negative for a-chymotrypsin, cystine arylamidase, a-fucosidase, a-galactosidase, b-galactosidase, N-acetyl-b-glucosaminidase, a-glucosidase, b-glucosidase, b-glucuronidase, a-mannosidase and trypsin in the API ZYM kit and arginine dihydrolase and urease in the API 20NE kit. Activity of C14 lipase is variable in different strains. The polar lipid profile consists of DPG, PG and PE as the dominant components and four unidentified glycolipids as the minor ones. One unidentified glycolipid, as well as one APL, one AL, one unidentified phospholipid and one unknown lipid are not present in all strains.
The type strain is NH6-24 T (5CGMCC 1.10815 T 5JCM 17607 T ) and an additional strain is Za3-11 (5CGMCC 1.108165JCM 17606), which were isolated from the surface seawater of the South China Sea and the estuary of the Yangtze River, respectively. The DNA G+C content of the type strain is 65 mol%.
